We derive distributions of ratio for two independent gamma variables and two independent inverted gamma variables and then we observe the skewness of two ratio densities. We then consider inference on reliability in two independent gamma random variables and two independent inverted gamma random variables each having known shape parameters.
Introduction
For two independent random variables X and Y and a real number c , the probability ( < ) P X cY induces the following facts: (i) the probability ( < ) P X cY is the reliability when the real number c equals one, (ii) the probability ( < ) P X cY is the distribution of the ratio / ( ) X X Y  when = / (1 ) c t t  for 0 < < 1 t , and (iii) the probability ( < ) P X cY is the density of a skewed random variable if X and Y are symmetric random variables about origin.
The reliability will increase the need for industry to perform systematic study for the identifications and reduction of causes of failures. These reliability studies must be performed by persons who (i) can identify and quantify the modes of failures, (ii) know how to obtain and analyze the statistics of failure occurrences, and (iii) can construct mathematical models of failure that depend on, for example, the parameters of material strength or design quality, fatigue or wear resistance, and the stochastic nature of the anticipated duty cycle (see Saunders (2007) ).
Many authors have considered properties of gamma distribution (see Johnson et al (1994) ). McCool (1991) considered the inference problem on reliability ( < ) P X Y in the Weibull case. Ali and Woo (2005 a & b)studied inference on reliability ( < ) P Y X in power function and Levy distributions. Pal, Ali, and Woo (2005) studied estimation of testing ( > ) P Y X in two parameter exponential distribution. Ali, Pal, and Woo (2010) studied the ratio of two independent exponentiated Pareto variables. Saunders (2007) introduced reliability, life testing and prediction of service lives for engineers and other scientists.
In this paper, we derive distributions of ratio for two independent gamma and two independent inverted gamma random variables and then we observe the skewness of the two ratio densities. We then consider inference on reliability in two independent gamma random variables and two independence inverted gamma random variables each having known shape parameter.
Distribution of ratio
In this Section we consider density of ratio of two independent gamma random variables each having the following density functions in (2.1) and density of the ratio of two independent inverted gamma random variables each having the following density functions in (2.4).
Gamma distribution
Let X and Y be independent gamma random variables having the following densities.
In fact, 0 ( 
We obtain the density of the ratio From k th moment of the ratio R in (2.3) and recursion formulas of hypergeometric function in Abramowitz and Stegun (1970, p.558), Table 1 provides numerical values of mean, variance, and coefficient of skewness for ratio density in Proposition 1.
From Table 1 we observe the following trends of the ratio density in Proposition 1.
Fact 1:
Let X and Y be independent gamma random variables each having the density as given in (2.1). Then for (1/3, 3).
Inverted gamma distribution
We now consider the density of the ratio of two independent inverted gamma random variables U and V , each having the following respective density. In the context of the gamma densities in (2.1), = 1/ U X and = 1/ V Y . 
by formula 2.19 in Oberhettinger (1974, p.15) .
We obtain the density of 1 = / ( ) = 1/ (1 ) R U U V Q   from (2.5) as follows.
Proposition 2:
Let U and V be independent inverted gamma random variables each having the respective density in (2.4). Then the density of the ratio 1 R is given by 
Let us observe the following relation between 1 R and R .
The ratio 1 
Thus the mean, variance, and skewness of 1 R can be numerically obtained from Table 1 without providing a separate Table. Proposition 3: Let U and V be two independent inverted gamma random variables each having the density respectively in (2.4). For ratio 1 
 , skewness for 1 R and R are in the opposite direction, where ( , ) X Y is a pair of independent gamma variables each having the respective density as in (2.1).
Reliability ( < ) P Y X in the Gamma Case
In this Section we consider inference on reliability in two independent gamma random variables each having density with known respective shape parameter as in (2.1).
From the density (2.2) and formulas 3.381(1)&(2) in Gradshteyn and Ryzhik (1965, p.317), we obtain the reliability as follows.
Proposition 4
Let X and Y be two independent gamma random variables each having the respective density as in (2.1) with known shape parameter. Let
From Proposition 4 and formula 15.2.1 in Abramowitz and Stegun (1970, p.557), we obtain the following.
Proposition 5:
Let X and Y be two independent gamma random variables each having the respective density as in (2.1). If mean of Y is greater than that of X , i.e., if We now consider inference on reliability ( < ) P Y X when the shape parameters 1  and 2  are known. Because ( ) R  is a monotonic function of  , inference on reliability is equivalent to inference on  (see McCool (1991) ). Hence, it is sufficient for us to consider inference on 2 1 /     when the shape parameters 1  and 2  are known.
We get the following Lemma easily from formulas 3.381(4) in Gradshteyn and Ryzhik (1965, p.317).
Lemma 1: Let X be a gamma random variable having mean  and variance 
From expectation in (3.1), an unbiased estimator   of  is defined by 
From the results in (3.1), (3.2) , and (3.3), we find that MSE(   ) < MSE( )and then we obtain the following from equivalence of inference between  and ( ) R  (see McCool (1991) 
is the density of F -distribution with degrees of freedom (
Next, we consider the testing of the following hypothesis: 
The shape parameter is known positive
We consider an asymptotic interval estimate for  if the shape parameters 1  and 2  are known positve. Then using the asymptotic property of MLE and mean and variance in (3.1) and (3.2) of , for large m and n , (1, ;1 ; ) ( ) ( ) (1 ) 1
is a monotone function of  . The proof comes from Propositions 4 and 5.
Assume 1 2 , , , m U U U  and 1 2 , , , n V V V  be two independent random samples from each respective density in (2.4) with known shape parameters. Then 1/ ,1/ , ,1/ n V V V  are two independent random samples from the respective densities in (2.1) with known shape parameters.
